was estimated with generalized additive models (GAM-PM 2.5 ), with Methods described in the online-only Data Supplement.
Statistical Analysis
Associations were estimated using generalized linear models with Poisson regressions and distributed lags. Our base models included dummy variables for season of year, day of the week, penalized splines to address long-term trends in mortality and a natural cubic spline of apparent temperature. We alternatively included linear terms of NO 2 and SO 2 to investigate potential confounding effects of copollutants. Deviations from linearity in the concentration-response functions between PM 2.5 and cardiovascular and cerebrovascular mortality featured comparison between models using linear PM 2.5 and log-transformed PM 2.5 .
Results
The mean±SD for all deaths because of cardiovascular and cerebrovascular causes per day was 39±8.2. Ischemic heart disease mortality accounted for the highest proportion of all daily cardiovascular deaths (55%). Daily average counts for deaths because of ischemic and hemorrhagic stroke were 1.1±1.1 and 2.7±1.6, respectively. Daily averages for AOD-PM 2.5 and GAM-PM 2.5 were 24.4±8.2 µg/m 3 and 25.9±10.3 µg/m 3 , respectively (Table II in the online-only Data Supplement describes mortality and environmental characteristics for the study period).
Table shows results on same day exposure (lag 0), cumulative effects over 2 (lag 0-1) and 6 days (lag 0-6) for AOD-PM 2.5 and GAM-PM 2.5 . Significant mortality increments were observed for all cardiovascular and cerebrovascular mortality causes using AOD-PM 2.5 (lag 0-1). No deviations from linearity were observed in the concentration-response functions in the associations assessed (exposure range of 3-99.5 µg/m 3 ). Slightly lower risks were observed using GAM-PM 2.5 compared with AOD-PM 2.5 , but no significant differences in health effects parameters and SEs were identified (Table IV in the online-only Data Supplement).
Discussion
This is the first study showing that acute exposure to PM 2.5 is associated with specific cardiovascular and cerebrovascular mortality causes in Mexico City, the most populated city in North America. We found results consistent with previous studies with daily increments in cardiovascular mortality of 1%-2% for every 10 μg/m 3 increase in PM 2.5 (lag 0-1). 11 For cerebrovascular mortality, our findings seemed larger than the 1.4% summary (95% confidence interval, 0.9%-1.9%) reported for cities in Europe, Asia, and North America (lag 0-1).
12 Also, our results for people ≥65 years old are consistent with the conclusions from a meta-analysis, pointing out strong evidence of higher mortality risks in older populations associated with acute exposure to particulate matter than in younger populations. 13 Most studies have presented combined results for stroke types associated with acute exposure to PM 2.5 ; with weaker evidence for associations with different types of stroke. We observed greater effects for hemorrhagic stroke than for ischemic stroke. Possible explanations are higher frequency of hemorrhagic stroke observed in Mexico City and distribution of cofactors making its inhabitants more liable to suffer hemorrhagic stroke.
Limitations in our investigation include citywide exposure assessment to PM 2.5 . We may have failed to capture the spatiotemporal PM 2.5 variability within Mexico City possibly biasing point estimates toward the null (Berkson type error).
14 Also, the association between exposure to PM 2.5 and onset of acute cardiovascular events might be subject to substantial underestimation related to exposure misclassification. We used date of death instead of time of symptom onset to assign exposure to PM 2.5 .
Time series studies in air pollution epidemiology generally rely on correct classification of death causes from government records. Even though we performed proportional redistribution of potentially misclassified death causes to ischemic heart disease mortality to reduce measurement error, there are other mortality outcomes subject to correction that were not addressed in our research. PM 2.5 toxicity depends on different factors besides concentration levels. Further research assessing the spatial distribution and composition of PM 2.5 within Mexico City is needed to further refine our findings.
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